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(57)Abstract 

PURPOSE: To make reactivity of a mold with lead small and 
improve mold release property and oxidation resistance and 
resistance to release of mold by forming a surface layer consisting 
of BC compound or mixture mainly containing the BC compound and 
C on a forming face of mold substrate. 
CONSTITUTION: At least one kind of intermediate layer 3 as 
necessary having 0.02-1. 0i m film thickness and selected from 
silicon, W, Ta, Nb and AIN is provided on a forming face of mold 
substrate 1 bringing into contact with at least optical glass raw 
material. Then a surface layer 2 consisting of a BC compound or 
mixture mainly containing the BC compound and C and having > 
2wt.% B content and having 0.1-2.0i m film thickness is formed on 
the intermediate layer 3 to provide a mold for forming an optical 
glass raw material. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The optical-glass component molding die characterized by forming the surface layer which consists of. 
mixture which made the subject a boron carbide compound or a boron carbide compound, and carbon in the shaping 
side of the metal mold base material which contacts an optical-glass component ingredient at least. 
[Claim 2] The optical-glass component molding die according to claim 1 characterized by forming the interlayer who 
consists of at least one sort chosen from the group which consists of silicon, a tungsten, a tantalum, a niobium, and 
alumimium nitride between a metal mold base material and a surface layer. 

[Claim 3] The thickness of a surface layer 0.1-2.0 Optical-glass component molding die given in either claim 1 
characterized by being mum, or claim 2. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to an optical-glass component molding die. 
[0002] 

[Description of the Prior Art] An optical-glass component molding die presses a highly precise optical-glass 
component . directly, fabricates it, as die materials of this optical-glass component molding die, is stable, excellent in 
oxidation resistance with an elevated temperature, and it is inactive to glass, a mechanical strength is high so that 
configuration precision may not collapse at the time of press forming, and it needs to excel in the mold-release 
characteristic after press forming. Furthermore, it must excel in workability and precision processing must be able to 
be performed easily. 

[0003] Conventionally, as die materials used for the press molding die of this optical-glass component, silicon 
carbide (SiC) and a silicon night light (Si3 N4) are known (refer to JP,52-45613,A), and the charge of an admixture 
of a titanium carbide (TiC) and a metal etc. is examined further (refer to JP,59-121 126.A). 
[0004] Moreover, a means to use glassy carbon (amorphism carbon) as die materials, a means (refer to JP,61- 
281030,A) to form in the shaping side of metal moid the protective coat which consists of a diamond-like carbon 
thin film (diamond-like carbon), a means (refer to JP,62-207726,A) to give a carbon coat to one [ at least] field of 
glass and metal mold, etc. are indicated as a means to aim at improvement in the mold-release characteristic after 
press forming. 

[0005] Moreover, in the metal mold with which the protective coat was formed in the shaping side of metal mold, in 
order to prevent exfoliation of this protective coat and generating of a crack, silicon carbide or alumimium nitride is 
used as a metal-mold base material, and after preparing interlayers, such as metal mold (refer to JP,62-132734,A) 
which carried out the laminating of the film which consists of silicon carbide, and the film which consists of a nitride 
one by one, a nitride, or carbide, in a shaping side, the metal mold (refer to JP,61-136928,A) which prepared noble- 
metals layers, such as platinum, is known. 
[0006] 

[Problem(s) to be Solved by the Invention] However, what is satisfied with a means to prepare a protective coat in 
the conventional die materials and the shaping side of metal mold of all the above-mentioned conditions is not 
obtained. For example, when silicon carbide or a silicon night light is used as ** die materials, although metal mold 
becomes what has a very hard and high mechanical strength, workability is inferior in it. Moreover, it has the fault 
that the lead (Pb) which is the constituent of an optical-glass component ingredient tends to react with an alkali 
element. 

** When the charge of an admixture of a titanium carbide and a metal is used as die materials, it is easy to react 
with the constituent of an optical-glass component ingredient, and it cannot be said that it is suitable. 
** Heating oxidation is carried out by the oxygen which remains to the shaping interior of a room, and the metal 
mold with which a diamond-like carbon thin film, a carbon coat, or the hard carbon film was formed has the problem 
that the fall of thickness, surface ARE of a shaping side, and surface type-like change arise, when shaping of long 
duration is presented. 

** When a protective coat is formed in the shaping side of metal mold with the combination of the conventional 
interlayer and a surface layer and long duration, for example, 1000 - 5000 shaping, is presented, produce exfoliation 
of a protective coat and generating of a crack. 

[0007] This invention is made based on the above situations. The purpose of this invention Can fabricate the good 
highly precise optical-glass component of optical-character ability, and reactivity with the lead which is the 
constituent of an optical-glass component ingredient is small. It is in offering the optical-glass component molding 
die which faults, such as exfoliation of a protective coat, generating of a crack, and surface type-like change, cannot 
produce easily, without carrying out heating oxidation of the protective coat even when it excels in a mold-release 
characteristic and shaping of long duration is presented, without an optical-glass component adhering after shaping. 
[0008] 

[Means for Solving the Problem] The optical-glass component molding die of this invention is characterized by 
forming the surface layer which consists of mixture which made the subject a boron carbide compound or a boron 
carbide compound, and carbon in the shaping side of the metal mold base material which contacts an optical-glass 
component ingredient at least. 

[0009] Moreover, it is desirable that the interlayer who consists of at least one sort chosen from the, group which 
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consists of silicon, a tungsten, a tantalum, a niobium, and alumimium nitride is formed between a metal mold base 
t1 material and a surface layer. 
[0010] Moreover, the thickness of a surface layer 0.1-2.0 It is desirable that it is mum. 
[0011] Hereafter, the optical-glass component molding die of this invention is explained concretely. 
The ingredient of a <metal mold base material metal mold base material is excellent in thermal resistance, its 
degree of hardness is high, and it is needed that it is an easily processible thing. As such an ingredient, tungsten- 
carbide alloys, such as a WC-Co alloy, for example, "RCC-FN" (Nippon Tungsten Co., Ltd. make), the WC-nickel- 
Cr-Mo alloy 11, for example. "RCC-NR" (company make), and a WC-TaC-TiC alloy, for example, "RCC- 
L" (company make) etc., silicon carbide, a silicon night light, stainless steel, various kinds of cermet material, etc. 
can be mentioned. 

[0012] <Surface layer) The surface layer formed in the shaping side of a metal mold base material at least consists 
of mixture which made the subject a boron carbide compound or a boron carbide compound, and carbon. When 
forming the surface layer which consists of mixture which made a boron carbide compound and carbon the subject, 
it is desirable still more desirable that it is 2 % of the weight or more, and a boron content is 2 - 50 % of the weight. 
As the formation approach of a surface layer, magnetron sputtering vacuum deposition, ion plating vacuum 
deposition, etc. can be mentioned, for example. In case it forms with magnetron sputtering vacuum deposition, when 
forming the surface layer which consists of mixture which made a boron carbide compound and carbon the subject, 
using a boron carbide sintered compact as target material, what put the plate of a boron carbide sintered compact 
in order in fixed area (boron carbide/carbon = 0.03-0.6) can be used for the front face of a carbon target, discharge 
power — for example, 1-1.5 KW — it is — as introductory gas — for example, argon gas — using — a degree of 
vacuum — 9x10-4 [ for example, ] - 2x10-3Torr and substrate temperature — for example, — It is the range of 
250 - 600 **. It is desirable that they are the thickness of the surface layer formed and 0.1-2 micrometers. In 
addition, the boron element in a surface layer may be contained in the surface layer in the state of the boron 
carbide compound, or may be contained as a simple substance in the carbon film. Furthermore, the surface layer 
may have elements contained at the time of membrane formation, such as nitrogen and an argon. 
[0013] It consists of at least one sort chosen from the group which consists of silicon, a tungsten, a tantalum, a 
niobium, and alumimium nitride as an interlayer formed between a <interlayer> metal mold base material and a 
surface layer. Moreover, as an interlayer, nitrogen and carbon may contain with the above-mentioned element. As an 
interlayer's formation approach, magnetron sputtering vacuum deposition can be mentioned, for example, and it can 
carry out on conditions equivalent to the formation conditions of a surface layer. An interlayer' s thickness formed is 
0.02-1.0. It is desirable that it is mum. 
[0014] 

[Example] Hereafter, this invention is not limited by these although the example of this invention is explained. 
(Example 1) a tungsten-carbide alloy (WC-Co alloy) "RCC-FN" (Nippon Tungsten Co., Ltd. make) with a diameter 
[ of 20mm ], and a thickness of 6mm — using — radius of curvature — respectively — 46mm — and — The punch 
and female mold which have the shaping side of the shape of a concave surface which is 200mm were produced, and 
these types of shaping side was ground to the mirror plane with the overly detailed diamond abrasive grain. 
[0015] Subsequently, as shown in drawing 1 , the surface layer 2 which consists of a boron carbide compound was 
formed in each type 1 of shaping side, and the optical-glass component molding die (sample No.1-6 of the after- 
mentioned table 1) of this invention was manufactured. Formation of a surface layer 2 was performed with direct- 
current magnetron sputtering vacuum deposition according to the following conditions. 
Target: B4 C sintering target "NPB-1 " (Nippon Tungsten Co., Ltd. make) 

Spatter conditions: Direct-current magnetron sputtering discharge power: 1.0kW installation gas: Argon gas (about 
[ degree of vacuum ] 9x10-4Torr) 

Substrate heating temperature: In addition, existence of a boron carbide compound was checked by X-ray 
diffraction evaluation, and 400 degrees C of contents of a boron compound were presumed by the X-ray 
microanalyser (XMA). Place which observed the condition of the formed surface layer with the optical microscope, 
and measured the surface roughness (it is also called an "RMS value" mean square granularity and the following.) of 
the shaping side at that time It was 100A or less (100-80A). 

[0016] Each of an optical-glass component molding die (sample No.1-6) was set to the press-forming machine 
shown in drawinj[J3 . In this drawing, 4 and 5 are optical-glass component molding dice, 4 is a punch and 5 is female 
mold. The heating heater for punches and 7 are lead oxide system optical glass (heavy Flint system glass) with 
which the piston cylinder for punches and 9 are optical-glass component ingredients, and the piston cylinder for 
female mold and 10 consist [ the heating heater for female mold, and 8 ] of 70 % of the weight (PbO) of lead oxide, 
27 % of the weight (Si02) of silicas, and 3 % of the weight of minor constituents in this example, and 6 used the 
massive object with a radius of 10mm processed spherically. As for the output port of the optical-glass component 
from which 1 1 is obtained with the fixture for supply of the optical-glass component ingredient 10, and 12 is 
obtained by press forming, and 13, the preheating furnace of the optical-glass component ingredient 10 and 14 are 
coverings. 

[0017] Supply arrangement of the optical-glass component ingredient 10 heated at the preheating furnace 13 is 
carried out between the punch 4 currently held at 520 degree C, and female mold 5, and they are the inside of 
nitrogen-gas-atmosphere mind, and about 40kg/cm2. It holds for 2 minutes by press **, and is the mold of the 
upper and lower sides in the condition as it is after that. It cooled to 300 degrees C and the optical-glass 
component by which press forming was carried out was taken out from output port 12. The forming cycle of an 



http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi^eije 



04/11/26 



3/5 ^— v 



opticalrglass component is completed by the above actuation. In addition, the fabricated optical-glass component 
rt was taken out easily, without adhering to the shaping side of a mold, and the mold-release characteristic was very 
good. Moreover, in the following examples, the mold-release characteristic was good similarly. 
[0018] Place which removed a punch 4 and female mold 5 from the press-forming machine, observed the surface 
state of a shaping side with the optical microscope, and measured the surface roughness at that time (RMS value) 
after repeating the above process and carrying out 3000 times It is 400A or less and compares shaping before. 
Although degradation of less than 300A was seen, there is no problem on lens moldability ability, and the lens which 
was excellent in the optical property was obtained. 

[0019] (Example 2) Thickness is 0.05 micrometers and 2.3 to the shaping side of a metal mold base material like an 
example 1, respectively. The surface layer of mum was formed and the optical-glass component molding die (sample 
No.7-8 of the after-mentioned table 1) of this invention was manufactured. Like an example 1, when the surface 
roughness (RMS value) of a shaping side was measured, it is thickness. In the case of 2.3 micrometers (sample 
No.8), it is larger than 90 - 200 ** and an example 1, and an RMS value locally There were 500-1000A and a large 
part 

[0020] When each of an optical-glass component molding die (sample No.7-8) was set to the press-forming 
machine, and the forming cycle of an optical-glass component was repeated like the example 1, were carried out 
3000 times and thickness was 0.05 micrometers (sample No.7), exfoliation of a surface layer was produced in part 
near the periphery of a shaping side. Thickness of the above result to a surface layer 0.1-2.0 It can be said that it is 
suitable that it is in the range of mum. 

[0021] (Example 3) an example 1 — the same — carrying out — radius of curvature — respectively — 46mm — 
and — The punch and female mold which have the shaping side of the shape of a concave surface which is 200mm 
were produced, and these types of shaping side was ground to the mirror plane with the overly detailed diamond 
abrasive grain. 

[0022] Subsequently, as shown in the drawing_2 (**), the interlayer 3 who consists of silicon (sample No.9), a 
tungsten (sample No.10), a tantalum (sample No.1 1), and alumimium nitride (sample No.12) was formed in the shaping 
side of a mold 1, respectively. As a target ingredient, except having used each ingredient of silicon, a tungsten, a 
tantalum, and alumimium nitride, an interlayer's 3 formation is the same conditions as formation of the surface layer 
in an example 1, and was performed with direct-current magnetron sputtering vacuum deposition. The formed 
thickness is in 0.05 micrometers and a tantalum layer in 0.02 micrometers and a tungsten layer at a silicon layer, as 
shown in Table 1. In 0.1 micrometers and an alumimium nitride layer It is 0.5 micrometers. 
. [0023] Subsequently, as shown in the drawing 2 (**), the surface layer 2 of 1 micrometer of thickness which 
consists of a boron carbide compound like an example 1 was formed on the shaping side in which the interlayer 3 
was formed, and the optical-glass component molding die (sample No.9-1 2 of the after- mentioned table 1) of this 
invention was manufactured. Like the example 1, when the surface roughness (RMS value) of a shaping side was 
measured, it was 80-150 ** and the optical property top was good. In addition, thickness When the surface layer of 
1 micrometer of thickness which consists of a boron carbide compound was formed after forming the interlayer 
, exceeding 1.0 micrometers, the surface roughness (RMS value) of a shaping side had a part locally exceeding 500A. 
The above result to an interlayer's thickness is 0.02-1.0. It can be said that it is suitable that it is in the range of 



mum. 



[0024] Each of an optical-glass component molding die (sample No.9-12) is set to a press-forming machine like an 
example 1. After repeating the forming cycle of an optical-glass component and carrying out 3000 times, a punch 4 
and female mold 5 are removed from a press-forming machine. Place which measured the surface roughness (RMS 
value) of a shaping side It is 300A or less and compares shaping before. Only by degradation of less than 150A 
arising, it was satisfactory in any way on lens moldability ability. 

[0025] (Example 4) an example 1 — the same — carrying out — radius of curvature — respectively — 46mm — 
and — The punch and female mold which have the shaping side of the shape of a concave surface which is 200mm 
were produced, and these types of shaping side was ground to the mirror plane with the overly detailed diamond 
abrasive grain. 

[0026] Subsequently, the surface layer which consists of mixture which made a boron carbide compound and carbon 
the subject was formed in each type of shaping side, and the optical-glass component molding die (sample No.13-16 
of the after-mentioned table 1) of this invention was manufactured. Formation of a surface layer was performed on 
the same conditions as an example 1 except having used the target shown below. Target: What has arranged the 
sintering plate a boron carbide compound with a thickness of 1mm by fixed surface ratio on the front face of a 
carbon target "IG-510" (Toyo Tanso make). However, the surface ratio of each carbon target and a boron carbide 
compound is as follows. 

Surface ratio (sample No.13) Boron carbide/carbon = 0.03 (sample No.14) Boron carbide/carbon = 0.08 (sample 
No.1 5) Boron carbide/carbon = 0.25 (sample No.16) Boron carbide/carbon = like 0.45 examples 1, when the surface 
roughness (RMS value) of a shaping side was measured, it was 100-70A and was good. 

[0027] Place which measured the surface roughness (RMS value) of a shaping side after having set each of an 
optical-glass component molding die (sample No.13-16) to the press-forming machine, repeating the forming cycle 
of an optical-glass component like the example 1 and carrying out 3000 times It is 450A or less and compares 
shaping before. Only by degradation of less than 350A arising, it was satisfactory in any way on lens moldability 
ability. 

[0028] (Example 1 of a comparison) A punch and female mold were produced using the WC-Co alloy "RCC-FN", like 
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the example 1, the titanium nitride layer usually used for the shaping side of these metal mold base materials as a 
o protective layer of a plastics molding die was formed with ion plating vacuum deposition so that thickness might be 
set to 1 micrometer, and the molding die (sample No.17) was manufactured. Like the example 1, when the surface 
roughness (RMS value) of a shaping side was measured, it was 100 or less A and was in the good condition optically. 

[0029] When the molding die (sample No.17) was set to the press-forming machine, and the forming cycle of an 
optical-glass component was repeated like the example 1 and having been carried out 3000 times, adhesion of the 
foreign matter to a shaping side was accepted, and exfoliation was further produced in a part of titanium nitride 
layer. For this reason, the field configuration of a shaping lens deteriorated, and the mold-release characteristic 
from the metal mold of a shaping lens fell, and it became a fabrication top problem. 

[0030] The measured value of the surface roughness (RMS value) in each example and evaluation of a mold-release 
characteristic are shown in Table 1. 
[0031] 
[Table 1] 
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[0032] 

[Effect of the Invention] As mentioned above, the optical-glass component molding die of this invention is stable, 
and is excellent in oxidation resistance and workability with an elevated temperature, and precision processing is 
easy for it-And to an optical-glass component ingredient, the shaping side is inactive, excellent in a mold-release 
characteristic after shaping, and it has sufficient endurance that it is hard to produce faults, such as exfoliation of a 
protective coat, generating of a crack, and surface type-like change, without carrying out heating oxidation of the 
protective coat even when press forming of long duration is presented. For this reason, after carrying out press 
forming 3000 times, a highly precise glass component moldings can be obtained. In addition, even if it used the 
cermet which uses each of a titanium night light (TiN), a titanium carbide (TiC), chromium carbide (Cr3 C2), and an 
alumina (aluminum 203) as a principal component instead of the tungsten carbide (WC), silicon carbide (SiC), chrome 
oxide (Cr02), etc. as a metal mold base material, the life of a mold was able to be raised similarly. Moreover, it is 
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also possible to obtain mold goods by the optical-glass component molding die of this invention by using the 
inorganic substances and macromolecule resin other than glass as a molding material. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL HELD 



[Industrial Application] This invention relates to an optical-glass component molding die. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
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PRIOR ART 



[Description of the Prior Art] An optical-glass component molding die presses a highly precise optical-glass 
component directly, fabricates it, as die materials of this optical-glass component molding die. is stable, excellent in 
oxidation resistance with an elevated temperature, and it is inactive to glass, a mechanical strength is high so that 
configuration precision may not collapse at the time of press forming, and it needs to excel in the mold-release 
characteristic after press forming. Furthermore, it must excel in workability and precision processing must be able to 
be performed easily. 

[0003] Conventionally, as die materials used for the press molding die of this optical-glass component, silicon 
carbide (SiC) and a silicon night light (Si3 N4) are known (refer to JP.52-4561 3,A), and the charge of an admixture 
of a titanium carbide (TiC) and a metal etc. is examined further (refer to JP.59-121 126.A). 
[0004] Moreover, a means to use glassy carbon (amorphism carbon) as die materials, a means (refer to JP.61- 
281030,A) to form in the shaping side of metal mold the protective coat which consists of a diamond-like carbon 
thin film (diamond-like carbon), a means (refer to JP,62-207726,A) to give a carbon coat to one [ at least ] field of 
glass and metal mold, etc. are indicated as a means to aim at improvement in the mold-release characteristic after 
press forming. 

[0005] Moreover, in the metal mold with which the protective coat was formed in the shaping side of metal mold, in 
order to prevent exfoliation of this protective coat and generating of a crack, silicon carbide or alumimium nitride is 
used as a metal-mold base material, and after preparing interlayers„such as metal mold (refer to JP.62-132734.A) 
which carried out the laminating of the film which consists of silicon carbide, and the film which consists of a nitride 
one by one, a nitride, or carbide, in a shaping side, the metal mold (refer to JP,61-136928,A) which prepared noble- 
metals layers, such as platinum, is known. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 
;2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



EFFECT OF THE INVENTION 



[Effect of the Invention] As mentioned above, the optical-glass component molding die of this invention is stable, 
and is excellent in oxidation resistance and workability with an elevated temperature, and precision processing is 
easy for it And to an optical-glass component ingredient, the shaping side is inactive, excellent in a mold-release 
characteristic after shaping, and it has sufficient endurance that it is hard to produce nonconformities, such as 
exfoliation of a protective coat, generating of a crack, and surface type-like change, without. carrying out heating 
oxidation of the protective coat, even when press forming of long duration is presented. For this reason, after 
carrying out press forming 3000 times, the glass component moldings of high degree of accuracy can be obtained. In 
addition, even if it used the cermet which uses each of a titanium night light (TiN), a titanium carbide (TiC). 
chromium carbide (Cr3 C2), and an alumina (aluminum 203) as a principal component instead of the tungsten 
carbide (WC), silicon carbide (SiC), chrome oxide (Cr02), etc. as a metal mold base material, the life of a mold was 
able to be raised similarly. Moreover, it is also possible to obtain mold goods by the optical-glass component molding 
die of this invention by using the inorganic substances and macromolecule resin other than glass as a molding 
material. 
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* NOTICES * 

JPO and MCIPI are not responsible for any 
damages caused by the use of this translation. 
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2.**** shows the word which can not be translated. • y 

3.1n the drawings, any words are not translated. 

TECHNICAL PROBLEM ~~ ~~ ~~ 

Ih™ m(S l t0 b .^ S ° IVe J by , the I J nV !" ti0n] H ° WeVer ' Wh3t is Satisfied with a means t0 *> r W* * protective coat in 
the conventional die matenals and the shaping side of metal mold of all the above-mentioned conditions is not 
obta.ned. For example, when silicon carbide or a silicon night light is used as ** die materials, although metal mold 
becomes what has a very hard and high mechanical strength, workability is inferior in it. Moreover, it has the fault 
element " constituent of an optical-glass component ingredient tends to react with an alkali 

*t??u en ! h . arEe ° f / n admixture of a titanium carbi ^ and a metal is used as die materials, it is easy to react 
with the constrtuent of an optical-glass component ingredient, and it cannot be said that it is suitable 
** Heating oxidat.on is earned out by the oxygen which remains to the shaping interior of a room, and the metal 
mold „,th which a diamond-like carbon thin film, a carbon coat, or the hard carbon film was formed has the problem 

t^ZTprfs^ SS ' ° f 3 Sh3Ping Sid6 ' SUrfaCe tyPe "' ike ChangS arise ' Whe " shapin * ° f ^ 

** When a protective coat is formed in the shaping side of metal mold with the combination of the conventional 
interlayer and a surface layer and long duration, for example. 1000 - 5000 shaping, is presented, produce exfoliation 
of a protective coat and generating of a crack. 

[0007] This invention is made based on the above situations. The object of this invention Can fabricate the good 
highly precise opt.cal-glass component of optical-character ability, and reactivity with the lead which is the 
constrtuent of an opt.cal-glass component ingredient is small. It is in offering the optical-glass component molding 
die wh.ch nonconformrt.es. such as exfoliation of a protective coat generating of a crack, and surface type-like 
change, cannot produce easily, without carrying out heating oxidation of the protective coat, even when it excels in 
a mold-release characteristic and shaping of long duration is presented, without an optical-glass component 
adhering after shaping. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original precisely 
2 -**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

MEANS ~ ^ ~~ 



[Means for Solving the Problem] The optical-glass component molding die of this invention is characterized by 
forming the surface layer which consists of mixture which made the subject a boron carbide compound or a boron 
carb.de compound, and carbon in the shaping side of the metal mold base material which contacts an optical-class 
component ingredient at least. 

[0009] Moreover, it is desirable that the interlayer who consists of at least one sort chosen from the group which 
consists of silicon, a tungsten, a tantalum, a niobium, and alumimium nitride is formed between a metal mold base 
material and a surface layer. 

[0010] Moreover, the thickness of a surface layer 0.1-2.0 It is desirable that it is mum. 
[0011] Hereafter, the optical-glass component molding die of this invention is explained concretely. 
The ingredient of a <metal mold base material metal mold base material is excellent in thermal resistance its 
degree of hardness is high, and it is needed that it is an easily processible thing. As such an ingredient tungsten- 
carbide alloys, such as a WC-Co alloy, for example, "RCC-FN" (Nippon Tungsten Co., Ltd. make), the WC-nickel- 
Cr-Mo alloy 11, for example, "RCC-NR" (company make), and a WC-TaC-TiC alloy, for example, "RCC- 
L (company make) etc., silicon carbide, a silicon night light, stainless steel, various kinds of cermet material, etc 
can be mentioned. 

[0012] <Surface layer> The surface layer formed in the shaping side of a metal mold base material at least consists 
of mixture which made the subject a boron carbide compound or a boron carbide compound, and carbon. When 
forming the surface layer which consists of mixture which made a boron carbide compound and carbon the subject 
it is desirable still more desirable that it is 2 % of the weight or more, and a boron content is 2 - 50 % of the weight 
As the formation approach of a surface layer, magnetron sputtering vacuum deposition, ion plating vacuum 
deposition, etc. can be mentioned, for example. In case it forms with magnetron sputtering vacuum deposition when 
forming the surface layer which consists of mixture which made a boron carbide compound and carbon the subject 
using a boron carbide sintered compact as target material, what put the plate of a boron carbide sintered compact' 
in order in fixed area (boron carbide/carbon = 0.03-0.6) can be used for the front face of a carbon target discharge 
power — for example, 1 - 1.5 KW — it is — as introductory gas — for example, argon gas — using — a degree of 
vacuum — 9x10-4 [ for example, ] - 2x10-3Torr and substrate temperature - for example, -- It is the range of 
250 - 600 **. It is desirable that they are the thickness of the surface layer formed and 0.1-2 micrometers. In 
addition, the boron element in a surface layer may be contained in the surface layer in the state of the boron 
carbide compound, or may be contained as a simple substance in the carbon film. Furthermore, the surface layer 
may have elements contained at the time of membrane formation, such as nitrogen and an argon. 
[001 3] It consists of at least one sort chosen from the group which consists of silicon, a tungsten, a tantalum, a 
niobium, and alumimium nitride as an interlayer formed between a <interlayer> metal mold base material and a 
surface layer. Moreover, as an interlayer, nitrogen and carbon may contain with the above-mentioned element. As an 
interlayer s formation approach, magnetron sputtering vacuum deposition can be mentioned, for example, and it can 
carry out on conditions equivalent to the formation conditions of a surface layer. An interlayer's thickness formed is 
0.02-1.0. It is desirable that it is mum. 
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EXAMPLE 



[Example] Hereafter, this invention is not limited by these although the example of this invention is explained. 
(Example 1) a tungsten-carbide alloy (WC-Co alloy) "RCC-FN" (Nippon Tungsten Co., Ltd. make) with a diameter 
[ of 20mm ], and a thickness of 6mm — using — radius of curvature — respectively — 46mm — and — The punch 
and female mold which have the shaping side of the shape of a concave surface which is 200mm were produced, and 
these types of shaping side was ground to the mirror plane with the overly detailed diamond abrasive grain. 
[0015] Subsequently, as shown in drawing 1 , the surface layer 2 which consists of a boron carbide compound was 
formed in each type 1 of shaping side, and the optical-glass component molding die (sample No.1-6 of the after- 
mentioned table 1) of this invention was manufactured. Formation of a surface layer 2 was performed with direct- 
current magnetron sputtering vacuum deposition according to the following conditions. 
Target: B4 C sintering target "NPB-1" (Nippon Tungsten Co., Ltd. make) 

Spatter conditions: Direct-current magnetron sputtering discharge power: 1.0kW installation gas: Argon gas (about 
[ degree of vacuum ] 9x1 0-4Torr) 

Substrate heating temperature: In addition, existence of a boron carbide compound was checked by X-ray 
diffraction assessment, and 400 degrees C of contents of a boron compound were presumed by the X-ray 
microanalyser (XMA). Place which observed the condition of the formed surface layer with the optical microscope, 
and measured the surface roughness (it is also called an "RMS value" mean square granularity and the following.) of 
the shaping side at that time It was 100A or less (100-80A). 

[0016] Each of an optical-glass component molding die (sample No.1-6) was set to the press-forming machine 
shown in drawing 3 . In this drawing, 4 and 5 are optical-glass component molding dice, 4 is a punch and 5 is female 
mold. The heating heater for punches and 7 are lead oxide system optical glass (heavy Flint system glass) with 
which the piston cylinder for punches and 9 are optical-glass component ingredients, and the piston cylinder for 
female mold and 10 consist [ the heating heater for female mold, and 8 ] of 70 % of the weight (PbO) of lead oxide, 
27 % of the weight (Si02) of silicas, and 3 % of the weight of minor constituents in this example, and 6 used the 
massive object with a radius of 10mm processed spherically. As for the output port of the optical-glass component 
from which 11 is obtained with the fixture for supply of the optical-glass component ingredient 10, and 12 is 
obtained by press forming, and 13, the preheating furnace of the optical-glass component ingredient 10 and 14 are 
coverings. 

[0017] Supply arrangement of the optical-glass component ingredient 10 heated at the preheating furnace 13 is 
carried out between the punch 4 currently held at 520 degree C, and female mold 5, and they are the inside of 
nitrogen-gas-atmosphere mind, and about 40kg/cm2. It holds for 2 minutes by press **, and is the mold of the 
upper and lower sides in the condition as it is after that. It cooled to 300 degrees C and the optical-glass 
component by which press forming was carried out was taken out from output port 12. The forming cycle of an 
optical-glass component is completed by the above actuation. In addition, the fabricated optical-glass component 
was taken out easily, without adhering to the shaping side of a mold, and the mold-release characteristic was very 
good. Moreover, in the following examples, the mold-release characteristic was good similarly. 
[0018] Place which removed a punch 4 and female mold 5 from the press-forming machine, observed the surface 
state of a shaping side with the optical microscope, and measured the surface roughness at that time (RMS value) 
after repeating the above process and carrying out 3000 times It is 400A or less and compares shaping before. 
Although degradation of less than 300A was seen, there is no problem on lens moldability ability, and the lens which 
was excellent in the optical property was obtained. 

[0019] (Example 2) Thickness is 0.05 micrometers and 2.3 to the shaping side of a metal mold base material like an 
example 1, respectively. The surface layer of mum was formed and the optical-glass component molding die (sample . 
No.7-8 of the after-mentioned table 1) of this invention was manufactured. Like an example 1, when the surface 
roughness (RMS value) of a shaping side was measured, it is thickness. In the case of 2.3 micrometers (sample 
No.8), it is larger than 90 - 200 ** and an example 1, and an RMS value locally There were 500-1000A and a large 
part 

[0020] When each of an optical-glass component molding die (sample No.7-8) was set to the press-forming 
machine, and the forming cycle of an optical-glass component was repeated like the example 1, were carried out 
3000 times and thickness was 0.05 micrometers (sample No.7), exfoliation of a surface layer was produced in part 
near the periphery of a shaping side. Thickness of the above result to a surface layer 0.1-2.0 It can be said that it is 
suitable that it is in the range of mum. 

[0021] (Example 3) an example 1 — the same — carrying out — radius of curvature — respectively — 46mm — 
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and — The punch and female mold which have the shaping side of the shape of a concave surface which is 200mm 
. were produced, and these types of shaping side was ground to the mirror plane with the overly detailed diamond 
abrasive grain. 

. [0022] Subsequently, as shown in the drawing 2 (**), the interlayer 3 who consists of silicon (sample No.9), a 
tungsten (sample No.10), a tantalum (sample No.11), and alumimium nitride (sample No.12) was formed in the shaping 
side of a mold 1, respectively. As a target ingredient, except having used each ingredient of silicon, a tungsten, a 
tantalum, and alumimium nitride, an interlayer's 3 formation is the same conditions as formation of the surface layer 
in an example 1, and was performed with direct-current magnetron sputtering vacuum deposition. The formed 
thickness is in 0.05 micrometers and a tantalum layer in 0.02 micrometers and a tungsten layer at a silicon layer, as 
shown in a table 1. In 0.1 micrometers and an alumimium nitride layer It is 0.5 micrometers. 
[0023] Subsequently, as shown in the drawing 2 (**), the surface layer 2 of 1 micrometer of thickness which 
consists of a boron carbide compound like an example 1 was formed on the shaping side in which the interlayer 3 
was formed, and the optical-glass component molding die (sample No.9-12 of the after-mentioned table 1) of this 
invention was manufactured. Like the example 1, when the surface roughness (RMS value) of a shaping side was 
measured, it was 80-150 ** and the optical property top was good. In addition, thickness When the surface layer of 
1 micrometer of thickness which consists of a boron carbide compound was formed after forming the interlayer 
exceeding 1.0 micrometers, the surface roughness (RMS value) of a shaping, side had a part locally exceeding 500A. 
The above result to an interlayer s thickness is 0.02-1.0. It can be said that it is suitable that it is in the range of 
mum. 

[0024] Each of an optical-glass component molding die (sample No.9-12) is set to a press-forming machine like an 
example 1. After repeating the forming cycle of an optical-glass component and carrying out 3000 times, a punch 4 
and female mold 5 are removed from a press-forming machine. Place which measured the surface roughness (RMS 
value) of a shaping side It is 300A or less and compares shaping before. Only by degradation of less than 150A 
arising, it was satisfactory in any way on lens moldability ability. 

[0025] (Example 4) an example 1 — the same — carrying out — radius of curvature — respectively — 46mm — 
and — The punch and female mold which have the shaping side of the shape of a concave surface which is 200mm 
were produced, and these types of shaping side was ground to the mirror plane with the overly detailed diamond 
abrasive grain. 

[0026] Subsequently, the surface layer which consists of mixture which made a boron carbide compound and carbon 
the subject was formed in each type of shaping side, and the optical-glass component molding die (sample No.13-16 
of the after-mentioned table 1) of this invention was manufactured. Formation of a surface layer was performed on 
the same conditions as an example 1 except having used the target shown below. Target: What has arranged the 
sintering plate of a boron carbide compound with a thickness of 1mm by fixed surface ratio on the front face of a 
carbon target "IG-510" (Toyo Tanso make). However, the surface ratio of each carbon target and a boron carbide 
compound is as follows. 

Surface ratio (sample No.13) Boron carbide/carbon = 0.03 (sample No.14) Boron carbide/carbon = 0.08 (sample 
No.15) Boron carbide/carbon = 0.25 (sample No.16) Boron carbide/carbon = like 0.45 examples 1, when the surface 
roughness (RMS value) of a shaping side was measured, it was 100-70A and was good. 

[0027] Place which measured the surface roughness (RMS value) of a shaping side after having set each of an 
optical-glass component molding die (sample No.13-16) to the press-forming machine, repeating the forming cycle 
of an optical-glass component like the example 1 and carrying out 3000 times It is 450A or less and compares 
shaping before. Only by degradation of less than 350A arising, it was satisfactory in any way on lens moldability 
ability. 

[0028] (Example 1 of a comparison) A punch and female mold were produced using the WC-Co alloy "RCC-FN", like 
the example 1, the titanium nitride layer usually used for the shaping side of these metal mold base materials as a 
protective layer of a plastics molding die was formed with ion plating vacuum deposition so that thickness might be 
set to 1 micrometer, and the molding die (sample No.17) was manufactured. Like the example 1, when the surface 
roughness (RMS value) of a shaping side was measured, it was 100 or less A and was in the good condition optically. 

[0029] When the molding die (sample No.17) was set to the press-forming machine, and the forming cycle of an 
optical-glass component was repeated like the example 1 and having been carried out 3000 times, adhesion of the 
foreign matter to a shaping side was accepted, and exfoliation was further produced in a part of titanium nitride 
layer. For this reason, the field configuration of a shaping lens deteriorated, and the mold-release characteristic 
from the metal mold of a shaping lens fell, and it became a fab ri eating-operation top problem. 
[0030] The measured value of the surface roughness (RMS value) in each example and assessment of a mold- 
release characteristic are shown in a table 1. 
[0031] 
[A table 1] 
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* NOTICES * 
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3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

tDfJwingjJ [It is the sectional view for explanation showing an example of the optical-glass component molding die 
of this invention. 

[Drawing 2] It is the sectional view for explanation showing other examples of the optical-glass component molding 
die of this invention. 

[Drawing 3] It is the explanatory view showing the press-forming machine with which the optical-glass component 
molding die of this invention was set. 
[Description of Notations] 

I Mold 2 Surface Layer 
3 Interlayer 4 Punch 

5 Female Mold 6 Punch Heating Heater 

7 Female Mold Heating Heater 8 Piston Cylinder for Punches 

9 Piston Cylinder for Female Mold 10 Optical-Glass Component Ingredient 

II Fixture for Supply 12 Output Port 
13 Preheating Furnace 14 Covering 
15 Metal Mold Base Material 
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DRAWINGS 



[Drawing 1] 
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